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Abstract—The use of micro-hollow cathode sustained dis-
charges (MCSD) as power-induced limiter elements in microstrip
devices is proposed to protect receivers against high-power
microwave (HPM) threats. The basic principle of the MCSD and
its integration into a microstrip circuit are exposed. The power-
limiting capability of such a solution has been experimentally
assessed for three microstrip circuits, namely a microstrip trans-
mission line, a microstrip ring filter, and a microstrip antenna.
Index Terms—microwave limiters, microstrip antennas, plasma
devices, gas discharge devices.
I. INTRODUCTION
Microwave communication receiver front-ends are highly
vulnerable to high-power microwave (HPM) threats [1]. Front-
door coupling due to the receiving antenna can be reduced
by inserting a microwave limiter between the antenna and
sensitive microwave components [2]. However, the use of a
microwave limiter in the receiver may also lead to additional
insertion loss that increases its noise figure, and therefore
reduces its sensitivity.
Recently, it has been proposed to directly integrate the
power-limiting functionality into usual receiver microwave
components (i.e., low-noise amplifiers, filters, antennas, and
radomes) to provide compact and low-loss protection solutions
against HPM threats. Thus, a balanced low-noise amplifier
(LNA) with an integrated diode limiter has been designed [3].
It exhibits a gain greater than 14 dB and a noise figure less than
2.7 dB, while allowing the protection of the LNA up to 18 W
of continuous wave (CW) power. The use of plasma discharges
as limiter elements in microwave printed filters has also been
investigated [4]. In that case, hermetic shells encapsulating a
controlled-pressure gas act as power-induced limiter elements
that reduce the transmitted power by detuning the filter.
In this paper, we present a similar approach that relies on
the integration of a plasma microdischarge, namely a micro-
hollow cathode sustained discharge (MCSD), into microstrip
circuits in order to provide the power-limiting functionality.
II. MCSD AS A MICROWAVE POWER-INDUCED LIMITER
ELEMENT IN MICROSTRIP CIRCUITS
A. MCSD Description
The MCSD is a structure that has been proposed to produce
very localized and stable cold plasma discharges in a wide
Fig. 1. MCSD general configuration.
range of gas pressure [5]. As shown in Fig. 1, it is made up
of a dielectric sheet and three electrodes, namely a cathode and
two anodes. A hole with a diameter ΦMHCD is drilled in the
layered structure formed by the cathode, the dielectric sheet,
and the anode 1. The anode 2 is placed above the anode 1
and separated from the layered structure by a distance d. Note
that without the anode 2 we obtain the so-called micro-hollow
cathode discharge (MHCD) configuration [6].
When a sufficiently high DC voltage is applied between the
cathode and the anode 1, it establishes a plasma discharge
confined in the hole drilled in the layered structure formed
by the cathode, the dielectric sheet, and the anode 1 (i.e.,
a MHCD). The dielectric sheet is used to prevent from the
plasma discharge to appear elsewhere than in the hole. Its
thickness hMHCD as well as the hole diameter ΦMHCD
(usually ΦMHCD = hMHCD) are chosen to stabilize the
discharge and to keep as low as possible the breakdown voltage
Vb for a given gas pressure P . Indeed, Paschen’s law defines an
optimal value for the product of the gas pressure P times the
thickness hMHCD in order to minimize Vb for a given gas [7].
Once the MHCD is ignited, a modest DC voltage (i.e., tens
to hundreds of volts) applied between the anodes causes the
plasma discharge to pull upwardly out of the hole, which leads
to a much larger volume discharge. The voltage needed for the
transition from the MHCD to the MCSD mode is considerably
less than the breakdown voltage for such a distance between
the cathode and the anode 2 (the spacing hMHCD + d is not
optimal according to Pashen’s law). Indeed, the MHCD acts
as an electron source for the MCSD and this latter serves
only to close the circuit between the MHCD and the anode 2.
Note that the transition voltage decreases when increasing the
MHCD current [8].
B. MCSD Integration Into Microstrip Circuits
As shown in Fig. 2a, a microstrip circuit only needs few
modifications to integrate a MCSD. A layered structure com-
posed of a cathode and a dielectric sheet is added under the
ground plane of the microstrip circuit, and a cylindrical hole is
drilled over the height of the whole structure. The thickness of
the added dielectric sheet and the hole diameter in this added
section (i.e., the cathode and the dielectric sheet) may vary
to minimize the breakdown voltage for a given gas pressure.
However, the hole diameter in the microstrip circuit section
(i.e., the microstrip ground plane, the dielectric substrate, and
the microstrip) is kept small compared to the wavelength so
that its presence does not change the initial behavior of the
microstrip circuit. As shown later, its position corresponds to
a location where the intensity of the microwave electric field
is maximal. Finally, one can find the MCSD configuration of
Fig. 1 by considering the cathode, the dielectric sheet, the
microstrip ground plane as the anode 1, and the microstrip
itself as the anode 2.
C. Basic Principle of Operation
The operating principle requires to generate a plasma mi-
crodischarge inside the hole between the cathode and the
ground plane by applying a DC voltage between them (i.e.,
a MHCD). We refer to this step as the pre-ionization step
where one can control the DC current IDC injected to the
microdischarge. DC power is thus required, which means that
the actual limiter is of the active type. Note that this discharge
is located under the microstrip ground plane so that it does not
modify the circuit properties at relatively low DC current.
We now consider that a microwave signal propagates along
the circuit. As shown in Fig. 2b, if the incident signal has a
low-power, it can not generate an intense microwave electric
field between the two anodes (i.e., between the ground plane
and the microstrip). The initial plasma microdischarge then
remains located inside the hole under the microstrip ground
plane and the limiter is in the “off” state. However, if the
power of the incident microwave signal exceeds a turn-on
threshold (e.g., in the case of a HPM threat), it pulls upwardly
the microdischarge out of the hole (Fig. 2c). As a result, the
complex permittivity of the medium inside the hole varies,
which detunes the circuit and introduces losses. The limiter
is then in the “on” state. Finally, when the high-power inci-
dent microwave signal is over, the upper part of the plasma
microdischarge quickly disappears and the microstrip circuit
goes back to its initial state.
Such an implementation can finally be viewed as a MCSD
configuration that combines a static electric field to trigger the
microdischarge between the cathode and the anode 1, and a
microwave electric field to pull upwardly the microdischarge
between the anodes. From the microwave circuit point of view,
(a)
(b)
(c)
Fig. 2. Principle of a microstrip circuit with self-power-limiting capabilities
using MCSD: (a) general geometry, (b) cut view with the limiter in the “off”
state, and (c) cut view with the limiter in the “on” state.
this power-induced plasma microdischarge acts as a “fuse” that
changes the microstrip circuit behavior.
III. EXPERIMENTAL CHARACTERIZATION OF THE MCSD
MICROWAVE POWER-LIMITING CAPABILITIES
Three microstrip devices have been characterized to evaluate
the microwave power-limiting capabilities of the MCSD.
A. Experimental Setup
A dedicated experimental setup has been specifically devel-
oped. As shown in Fig. 3, the measured two-port microstrip
circuit is enclosed in a quartz vacuum chamber that is con-
nected to three different units.
The gas and pressure control unit consists of a vacuum
pump, a barometer, and a gas bottle. First, the pump is used for
drawing air in the vacuum chamber. Then, a specific flowing
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Fig. 3. Experimental setup.
gas at around 0.1 L/min is injected in the vacuum chamber at
the desired pressure P .
The DC control unit regulates the DC power injected to
the pre-ionization plasma discharge. A voltage source supplies
a voltage V between the anode (i.e., the microstrip ground
plane) and the cathode to generate the plasma discharge
required for the pre-ionization step. The resistor R = 10 kΩ
limits the DC current IDC injected to the pre-ionization
discharge in order to avoid the transition to the arc.
The last unit is the microwave unit. It consists of a CW
microwave source whose power and frequency can be tuned.
This CW microwave source is directly connected to the input
port of a directional coupler. The output port of this coupler is
connected to the input port of the microstrip circuit under test,
while its coupled and isolated ports are connected to power
meters in order to assess the input and the reflected powers
from the microstrip circuit, respectively. The output port of the
microstrip circuit is also connected to a power meter through
a directional coupler in order to measure the output power.
In a nutshell, this experimental setup allows the control of
the type of gas, its pressure, and the DC power injected to the
pre-ionization plasma discharge, while performing microwave
power measurements. Note that a practical implementation
of such a microstrip circuit with power-limiting capabilities
would have to consider its encapsulation in a box or in a
radome where the type of gas and its pressure are fixed.
B. Microstrip Transmission Line
The first microstrip circuit that has been characterized is
a non-resonant 50 Ω microstrip transmission line with a
hole in its center to host the plasma discharge. This 50 Ω
microstrip transmission line is printed on a Rogers RO4003
substrate with a dielectric constant ǫr = 3.55 and a thickness
hmicrostrip = 0.813 mm. The width of the stripWmicrostrip is
equal to 1.8 mm. As shown in Fig. 4, the hole that is supposed
to host the plasma discharge when the limiter is in the “on”
state is drilled in the center of this microstrip circuit, and it has
a diameter Φmicrostrip equal to 1 mm. Concerning the added
copper cathode and dielectric sheet, they have a thickness of
0.035 mm and 1.525 mm, respectively. The hole diameter
ΦMHCD is equal to 1.5 mm and it is aligned with the hole
Fig. 4. Cut view of the 50 Ω microstrip transmission line circuit integrating
a MCSD.
Fig. 5. Measured output and reflected powers at 2.45 GHz as a function
of the input power for the microstrip transmission line without and with DC
pre-ionization of the plasma microdischarge for Argon at 10 torr.
in the microstrip circuit. Measurements of Paschen’s law have
shown that these dimensions are optimal for a pressure close
to 10 torr (i.e., 1333 Pa) for Argon. The associated breakdown
voltage of the MHCD is then equal to 335 V.
This microstrip transmission line has been characterized
using the experimental setup of Fig. 3. A pre-ionization current
of 2.5 mA has been considered for Argon at 10 torr. Note
that once the pre-ionization discharge has been turned on, the
voltage between the cathode and the anode must be equal
to 254 V to maintain the discharge. It means that the DC
power consumption of the pre-ionization plasma discharge is
equal to 635 mW while 62.5 mW are dissipated in the resistor
R in that case. The input microwave power at 2.45 GHz
has been changed from 10 dBm to 35 dBm. The maximum
input microwave power is limited by the power handling
of some microwave components in the experimental setup.
Fig. 5 presents the measured output and reflected powers as
a function of the input power for the microstrip transmission
line without and with pre-ionization. Without pre-ionization
(i.e., IDC = 0 mA), and in the considered input power range,
we note a linear dependence between the output and reflected
powers and the input power of the microstrip circuit. If pre-
ionization is considered (i.e., IDC = 2.5 mA), we observe a
non-linear behavior of the output and reflected powers when
the input power exceeds 29 dBm. In that case, the plasma
Fig. 6. Schematic of the microstrip ring filter integrating a MCSD.
Fig. 7. Simulated and measured S parameters for the microstrip ring filter.
discharge is pulled upwardly and the limiter is in the “on”
state. Our investigations are limited in power since a plasma
discharge appears in the SMA connector when the input power
exceeds 31 dBm in that case.
C. Microstrip Ring Filter
As shown in Fig. 6, the second proposed microstrip circuit
is a bandpass microstrip ring filter printed on a 0.813 mm
thick Rogers RO4003 substrate. It consists of two microstrip
transmission lines electromagnetically coupled to an annular
ring resonator. At the resonant frequency, such a resonator
locally exhibits an intense electric field [9]. The main objective
of this second circuit is thus to evaluate the influence of this
electric field enhancement on the behavior of the proposed
microwave power-induced limiter element. As a result, the
position of the hole is chosen so that it corresponds to a
region where the electric field is enhanced. Except for the
microstrip circuit layout, the dimensions of the whole structure
are identical to those presented in Section II.B.
The simulated and measured S parameters of this microstrip
ring filter are shown in Fig. 7. We observe a 1.5 % shift in
the resonant frequency that is attributed to slight differences
of the dielectric substrate parameters. The measured resonant
frequency of this bandpass filter is equal to 2.415 GHz.
This microstrip ring filter has been characterized at
2.415 GHz using the experimental setup of Fig. 3 and consid-
Fig. 8. Measured output and reflected powers at 2.415 GHz as a function
of the input power for the microstrip ring filter without and with DC pre-
ionization of the plasma microdischarge for Argon at 10 torr.
ering the same parameters as those mentioned in Section II.B
(i.e., Argon at 10 torr, pre-ionization current of 2.5 mA, and
input CW microwave power varying from 5 dBm to 35 dBm).
Notice that no differences have been observed on the measured
S parameters when the pre-ionization discharge is off and on
with a current IDC = 2.5 mA and considering a low input
power of -10 dBm (i.e., limiter in the “off” state). However, for
higher pre-ionization currents in this configuration, the MHCD
tends to expand in volume and fill the hole in the microstrip
circuit which finally changes the initial behavior of the filter.
The measured output and reflected powers as a function
of the input power for the microstrip ring filter without and
with DC pre-ionization are presented in Fig. 8. When IDC =
2.5 mA, the limiter turns on when the input power exceeds
21 dBm. We observe that this threshold is significantly reduced
when compared with the non-resonant microstrip transmission
line case. This is essentially due to the enhancement of the
microwave electric field in the hole due to the resonance of
the annular ring at this frequency.
This microstrip ring filter finally behaves as a reflective mi-
crowave power limiter that limits its output power to 18 dBm
when the input power reaches the threshold of 21 dBm. The
flat slope that is observed on the output power when the
input power continues to increase can be explained by the
modification of the plasma conductivity according to the input
power. However, we assume that this limiter region should
change to an attenuator region for larger input power [4].
D. Microstrip Antenna
The third circuit is a microstrip antenna resonating at
2.45 GHz and integrating a MCSD as a power-induced limiter
element. It consists of a microstrip square-ring antenna fed
with a 50 Ω microstrip transmission line and loaded with
notches [10]. This antenna is printed on an alumina substrate
(hmicrostrip = 1 mm, ǫr = 9.9, and tan δ = 0.0002).
The geometry of the plasma region is different from the one
exposed in Section II.B. A 1 mm thick copper cathode as
well as a 8 mm thick Macor dielectric sheet are added in the
back of the antenna ground plane in the same configuration
Fig. 9. Picture of the microstrip antenna with self-power-limiting capabilities
(the waveguide antenna radiates the HPM test signal).
Fig. 10. Measured microstrip antenna output power at 2.45 GHz as a function
of the waveguide antenna input power and the pre-ionization DC current IDC
of the plasma microdischarge for Neon-Xenon at 10 torr.
as exposed in Fig. 4. The hole diameter ΦMHCD is equal
to 3 mm while Φmicrostrip = 1 mm. As for the microstrip
ring filter circuit, the position of the hole in the microstrip
antenna corresponds to a position where the intensity of the
microwave electric field is maximal when the antenna receives
a microwave signal (i.e., close to an open-circuit plane).
The experimental setup used to characterized this microstrip
antenna is slightly different from the one presented in Fig. 3.
Indeed, in order to test the microstrip antenna, the CW
microwave source is connected to a custom made waveguide
antenna. The HPM signal is therefore radiated towards the
microstrip antenna by this waveguide antenna. As shown in
Fig. 9, the distance between the waveguide antenna and the
microstrip antenna is equal to 12 cm, which is the theoretical
limit between the near-field and far-field regions in our case.
Finally, the output of the microstrip antenna is connected to a
power meter in order to measure its output power.
Fig. 10 shows the measured microstrip antenna output
power as a function of the waveguide antenna input power and
the pre-ionization DC current IDC for a mix of 99 % Neon and
1 % Xenon at 10 torr. Note that, unlike the previous examples,
the geometry of the plasma region is not optimal at this pres-
sure for this gas. As for the previous microstrip circuits, we
observe a linear dependence between the microstrip antenna
output power and the waveguide antenna input power when the
latter remains low. However, if the incident electromagnetic
field on the microstrip antenna exceeds a given threshold,
the plasma-limiter element turns on and it limits the received
power to a constant value that is around -14 dBm in our case.
We notice that the transition between the “off” and “on” states
is abrupt when compared with the previous results presented
in Fig. 5 and Fig. 8. Besides, the turn-on threshold is also
larger in that case. These differences may be explained by the
geometry of the structure that exhibits a larger shape factor
between the hole diameters that tends to make harder the
transition from the MHCD to the MCSD. Finally, we also
note in Fig. 10 that the turn-on threshold can be reduced
by increasing the pre-ionization DC current (i.e., the electron
source term) in this configuration. Hence, one may adjust the
limiter according to the receiver specifications.
IV. CONCLUSION
The feasability of self-power-limiting microstrip devices
using a MCSD has been experimentally investigated. Such
solutions may allow the protection of MW receivers against
high-power microwave (HPM) threats while providing almost
no additional insertion loss.
Work is ongoing to determine the influence of different
parameters (e.g., the type of gas, its pressure, the pre-ionization
DC current, the geometry of the device, . . . ) as well as the
power handling and the response time of such devices.
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